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The present invention relates generally to fluid 
valves, and more particu]arly fo tht class of 
valves wherein a generally cylindrical valve 
member having a port formed therein slides 
within a cylindrical bore in the valve body be- 
tween two operating positions. Fluid passages 
in the valve body intersect the bore and are 
closed by the valve member when the saine 
in one of said positions, or uncovered by the port 
in the valve member when the saine 
other position. Associated with said passages are 
axially movable, spring-pressed seat rings that 
bear againstte valve member in sealing contct therewith. 
The advantages of using a cylindrical valve 
member witin a cylindrical bore in the valve 
body lie in the facttat such cylindrical shapes 
lend themselves well fo close-tolerance produc- 
tion; while sealing against leakage pastthe valve 
member is easily and inexpensively accomplished 20 
by use of the well-known O-rings. On the other 
hand, good sealing contact beteen the .end 
of the seatring and the valve member can only 
be obtained when the mating surfaces are ab- 
solutely fiat and lapped to an optically fiat finish. 
To obtain a fiatsurface on a cylindrical valve 
member operating witin a cylindrical bore, 
is necessary to form a recess in one side of the 
member, but the difficult ten is that such a 
recessed surface is almost impossible fo lap, 30 
owing to the presence of the shoulders rising from 
one or both ends of the fiatsurface. 
The primary obSect of te present invention, 
therefore, is fo provide an inexpensive and prac 
tical solution fo this poblem whereby a recessed 35 
fiatsurface having a lapped flnish can be pro- 
duced in a cylindrical valve membèr. This ob- 
ject is attained by milling or otherwise machin- 
ing a fiat recessed surface of ordinary finish on 
the cylindrical valve member, and then mount- 40 
ing on said recessed surface a fiat plate of hard- 
ened stel which bas been ground and then 
lapped fo an optically fiat flnish. 
Another object of the invention is t provide 
a valve having good sealing characteristics suit- 
able for conditions ranging from very low to èx- 
tremely high pressures. A furter obSect is to 
provide a valve having a low coefficientof friction 
beteen the sliding valve member and the sta- 
tonary valve seat. This low coefficientof fric- 50 
ton result from te fact tat the seatring is 
also formed of hardened steel, and it contct 
ing end surface is likewise lapped, giving a hard- 
ened lapped surface sliding on another hardened 
]apped surface. 
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. Still another obS.ect, of the invention is fo pro- 
vide  new and improved shuttle valve designed 
particularly for use in' aircraft hydraulic sys- 
teins, whereby the system is switched automat- 
ica]ly to an emergency source of fluid pressure 
fo operate landing, gear, flaps, etc., in the event 
of failure of the primary source. 
The foregoing and other objects and advan- 
rages of the. present invention will become ap- 
parent te those skilled in the .art upon considera- 
tion of the f011owing detailed description of the 
preferred embodiment there0f, reference being 
had to the accompanying drawings, wherein: 
Figure 1 is a vertical median section through a 
shuttle valve embodying the principles of the 
invention; 
Figure 2 is another section through the same, 
taken along the line 2--2 in Figur !; -and 
Figure  is a perspèctivè view of the shuttle 
assembly, showing one of hè hardened and 
lapped plates lifted away. from the cylindrical 
valve member. 
In th drawings, the shuttIe valve is desig- 
nated in ifs enirety by the reference numeral  , 
and is seen fo comprise a ody !  having a cover 
2 attached thereto. Th valve body  is gen- 
erally rectangular in shape as seen from the side, 
and extending longitudinally through the saine 
from one end to the other is a cylindrical bore 
 having threaded portions  and  at oppo- 
site ends thereoï to receive flttings 6 and . 
The fittings 6 and  constitute inlet ports for 
the valve, and attached, fo said flttings by cou- 
plings 2 are hydraulic lines 2 and 22; one of 
which is connected to the primary source of fluid 
pressure onthe aircraft, and the other being con- 
nected fo an emergency source of fluid pressure. 
The fluid ourlet fo the valve  is a tapped 
hole 2 extending d0wnwardly into the cover 
from the top side thereof, and screwed into this 
hole-is a coupling member 2. The hydraulic 
line carrying fluid from the. valve to the actu- 
ating mechanism of the system is connected to 
the ourlet 2 by the coupling member 2. Open- 
ing into the bottem of the hole 2 are two pas- 
sageway 2, which diverge downwardiy and open 
into fiuid passages 2 and 2. 
The fluid passages 2, 2 intersect the bore  
at right angles thereto, and associated with each 
passage is an axially movable seat member  
which cooperates with a shuttle assembly ! that 
is slidably disposed within the bore  Each of 
th seat members  is in the form of a cylindri- 
cal sleeve of hardened steel, the bottom end 2 of 
which is ground and lapped. Bearing down- 
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wardly against the top end of the sleeve 3D is a 
spring 33, the upper end of which abuts against 
the bottom face oï the cover |2 around the mer- 
gin oï the passage 28. 
The seat member 30 is slidably disposed within 
a sleeve 34 which is fitted into a hole 38 in the 
valve body. Confined within the hole 38 et the 
bottom end of the sleeve 34 is an O-ring seal .8 
which tests on a lip 48 projectîng radially in- 
wardly at the bottom oï the hole. The lip 48 and 
sleeve 34 cooperate to form an annuler recess in 
which O-ring seal 38 is contained; it being an 
easier production marrer to drilt a bote down- 
wardly through the valve body into the bore 13, 
then counterbore the hole. 38. leaving, the lip 40, 
and finally fit a sleeve 34 in the counterbore, than 
itis to eut a circumferential groove on the inside 
of a hole of the small diameter involved. Shallow 
counterbores 41 are recessed into the top surface 
of the valve body || concentric with the fiuid 
passages 27, 28, and seated therein are O-ring 
seals 42 which are squeezed lightly between the 
bottom surfaces of the counterbore and the un- 
derside of the cover |2. 
The shuttle assembly 3| consists primarilyoï a 
valve member 48 having the shape of a cylinder, 
the end portions 46 of whichhave been cut away 
on top to provide fiat, plate-supporting surfaces 
 lying in a horizontal plane parallel tothe axis 
.of the members. The center portion 8{} of the 
valve-member 48 is fully cylindrical, and is grooved 
circumferentially at |to receive an O-ring. seal 
 of synthetic rubber, which seals the clearances 
between the valve member and the body-|| 
against leakage past the center portion. 
!VJounted on top of the horizontal surfaces 47 
of the valve member are fiat plates 83 of hard- 
ened steel, the top surfaces 4 of which bave 
been ground and lapped to an optically fiat finish. 
Each of the plates 3 is secured against relative 
movement with respect to the valve member 4 
by means of a pin 8 which is secured within a 
ho!e 80 in the end portions 46 of the valve hem- 
ber, and projects upwardly-from the plate sup- 
porting surface 47. The projecting top end of 
the pin 88 is received within a socket 80 in the 
underside of the plate 83, and the latter is thereby 
constrained against transverse or longitudinal 
movement with respect to the valve member, al- 
though being readily separable therefrom when 
the plate is lifted straight up from the surface 47. 
Cut back into the outer end of each of the 
plates 83 is a semi-circular recess or port-8 | which 
is adapted to register with the opening 82 in the 
seat member 38 when the shuttle is atone end cf 
the bore 13, thereby opening the associated pas- 
sage 27 or 28 so that fiuid entering the bore from 
that end of the valve body has an exit through 
the passage fo the ourlet 23. When the shuttle 
is et the other end of the bore, the opening 82 
is covered by the solid end of. the plate. , and 
the passage is then closed to the fiow of fiuid. 
One important relationship which should be 
brought out at this point is that the ports G| in 
the shuttle are spaced apaït so that either one 
of the seat members 8 is fully closed by its plate 
3 before the other is cracked open. This pre- 
vents the interflow of fluid from one of the ports 
|8, ]7 to the other, which ïnight occur if both of 
the ports were open at the same rime. Should 
such interflow occur, particularly in a system 
wherein the emergency pressure source is a hand 
pump, the rate of leakage to the disabled line 
might exceed the output of the pump, with the 
result that the shuttle would remain in an inter- 

4 
mediate position, and no fluid pressure could be 
built up and transmitted through the ourlet 23 
to the operating mechanism. 
In Figure 1, the shuttle assembly 3| is af the 
 left hand end of the bore |3, and the opening 62 
in the right hand seat member .8 of passage 26 
is registered with the recess 6| of ifs plate, so 
that fiuid entering the valve body through the 
right hand inlet | passes outwardly through the 
.1O- fluid passage 28 to the ourlet 2-% The seat mem- 
 ber 0 of the other fiuid passage 27 is seated on 
the solid portion of the plate 53, closing passage 
. The condition just described is reversed when 
: ..he shuttle assembly ! is at the right hand end 
I5 of bore.J3.  
The rdius oï- the recess 8| is appïoximately 
. the same as the inside radius of the member  30, 
and thelatter is thus supported at its bottom 
end around the margins of the recess. It will 
20 also be noted that the end portions 46 of the 
 valve membeï are recessed at 85 to increase the 
area of the opening in the shuttle assembly 
through which the fluid flows on the openside of 
the valve. 
2.5 Assuming that the right hand inlet | is con- 
nected fo the normal source of fiuid pressure, the 
shuttle assembly | will normally be at the left 
hand end of the bore 13, as shown, with its end 
abutting against the end of fitting |6. in thi 
30 condition, the right hand fiuid passage 28 is 
opened, and fiuid entering the right hand end ol 
bore |3 through the inlet | fiows outwardly 
through passage 28 fo the out!et 23. Normally, 
there will be no pressure in line  I, hence the 
35 shuttle assembiy 3| is held over toits left hand 
position by the .fiuid presstre acting against the 
right hand endthereof. Leakage past the center 
portion 0 of the shuttle assembly is prevented 
by the O-ring 2, while O-rings .$6 prevent leak- 
49 age around the outside of the seat members .$9. 
Theseat members  are resiliently urged down- 
ward against the plate 83 of the shuttle assembly 
by the springs 3, holding the lapped bottom end_ 
surfaces 3 of the seat members against the 
45 lapped surface 8 of the pmtes in sealing contact 
therewith. It will be understood, of course, that 
an actual seal between the mating lappod surface 
of the seat member .$ and plate 53 is obtained 
only on the closed side of the valve, which would 
50 be the left hand side in the case of Figure 1. 
in the event of failure of the pressure source 
to which line 22 is connected, the alternate pres- 
sure source fo which line 2 ! is connected is start- 
ed up, and as the pressure builds up on the left 
.5 hand side of the shuttle assembly 3|, the latter 
is shifted over to the right hand end of the bore 
| thereby closing the seat member .${} of fluid 
passage 28 and opening the left hand passage 27 
to the bore. This switching of the hydraulic 
60 system to a. alternate source of fiuid pressure 
permits emergency operation of the fiaps, landing 
gear, oï other mechanism to get the airplane safe- 
ly down onto the ground, or to accomplish other 
desired functions. 
5 The manY advantages of the present invention 
are believed to be self-evident to those skilled in 
the art from the foregoing description. The 
principal advantage of the shuttle construction 
disclosed herein is that it provides a practical 
ï0 method of producing a valve member having a 
eylindrical portion to accommodate an O-ring, 
which is a simple, convenient, and inexpensive 
means of seaiing against leakage around the 
valve member; together with rcessed fiat sur- 
5 fac that can be lapped to an optically fiat 
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finish se that a sealing contact engagement can 
be obtained with the lapped ends of spring- 
pressed seat members 3{}. Another advantage 
obtained as a result of using a lapped fmish on 
the mating surfaces of the plate 53 and seat 
member 3} is that the seal thus obtained is ab- 
solutely tight against leakage for conditions 
ranging from very low te extremely high pres- 
sures. Also, a low coefficient of friction is ob- 
tained between the mating surfaces, and the 
shutt]e assembly 31 therefore slides easily from 
one position te the other. The amount of fric- 
tion may be varied as required te accomplish 
shuttling at various applied pressures by increas- 
ing or decreasing the load exerted by the 
springs 33. 
While I have shown and described in consider- 
able detail what I believe te be the preferred ferre 
of my invention, it is te be understoed that such 
details are net restrictive, and that various 
changes may be ruade in the shape and arrange- 
ment of the several parts without departing frein 
the broad scope of the invention as defined in the 
appended claires. 
I claire: 
1. A shuttle valve comprising a body having a 
cylindrical bore formed therein, inlet ports com- 
municating with said boxe at opposite ends there- 
of, a pair of longitudinally spaced fiuid ourlet 
passages intersecting said bore at right angles 
thereto, a valve member slidably disposed within 
said bore for movement between two extreme po- 
sitions, the center portion of said valve member 
being cylindrical te slidably fit said bore and the 
end portions thereof being cut away along one 
side te provide fiat plate-supporting surfaces 
parallel te the longitudinal axis of the valve 
member, a pair of hardened and lapped plates 
mounted on said supporting surfaces and secured 
against movement relative thereto, a pair of 
movable tubular metallic seat members disposed 
within said fiuid ourlet passages, each of said 
members having a hardened and lapped end 
bearing against one of said plates in sealing con- 
tact therewith, each of said plates having a port 
formed in the top surface thereof opening later- 
ally into said bore, the port in one of said plates 
being registered with its associated seat member 
when said valve member is atone position, and 
the port in the other .plate being registered with 
its associated seat member when said valve ruera- 
ber is at the other position, and means resfliently 

urging said seat members agalnst their respective 
plates. 
2. A shuttle valve comprising a body having a 
cylindrical bore formed therein, inlet ports cern- 
5 municating with said bore at opposite ends there- 
oî, a pair of longitudinally spaced fiuid ourlet 
passages intersecting said bore at right angles 
thereto, a valve member slidably disposed within 
said bore for movement between two extreme 
10 positions, the center portion of said valve ruera- 
ber :being cylindrical te slidably fit said bore and 
the end portions thereof being cut away along 
one side te provide fiat plate-supporting surfaces 
parallel te the longitudinal axis of the valve 
15 member, an O-ring seal encircling said cylindri- 
cal center portion of said valve member, a pair 
of hardened and lapped plates mounted on said 
supporting surfaces and secured against more- 
ment relative thereto, a pair of movable tubular 
2O metallic seat members disposed within said fluid 
ourlet passages, each of said members having a 
hardened and lapped end bearing against one of 
said plates in sealing contact therewith, each of 
said plates having a port formed in the top sur- 
25 face thereof opening laterally into said bore, the 
port in one of said plates being registered with ifs 
associated seat member when said valve member 
is at one position, and the port in the other plate 
being registered with ifs associated seat member 
3o when said valve member is at the other position, 
said ports in said plates ,being spaced apavt se 
that either one of said seat members is complete- 
ly closed belote the other seat member is cracked 
open, thereby preventing the interflow of fiuid 
35 frein one of said inlet ports te the other, and 
means resfliently urging said seat members 
against their respective plates. 
VICTOR A. LARSEN. 
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